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METHOD FOR DETECTING THE MAGNETIC FLUX, 
THE ROTOR POSITION AND/OR THE ROTATIONAL SPEED 



BRIEF DESCRIPTION OF THE INVENTION 



[0001] The invention relates to a method for detecting the 
magnetic flux, the rotor position and/or the rotational speed of the rotor 
in a single-phase- or multi-phase- permanent magnet or -synchronous 
motor or -generator according to the features specified in claim 1. 
[0002] Magnetic flux, rotor position and rotational speed are 
defined by the stator voltage equations known per se: 

Equation (1) L • i a = - R • i a + p • co • y/ mf$ + u a 
Equation (2) L • i fi = - R • i fi — p • co • y/ ma + u ^ 



L 


is the inductance 


'a 


the current in direction a 


'p 


the current in direction P 


la 


the derivative with respect to time of the current in direction a 


i/* 


the derivative with respect to time of the current in direction 


R 


the ohmic resistance 


P 


the pole pair number 


CO 


the rotational speed of the rotor 




the magnetic flux in the direction a 


V mP 


the magnetic flux in the direction P 


U a 


the voltage in direction a 


U P 


the voltage in direction p, 



[0003] As is deduced from these equations, the previously 
mentioned variables may be evaluated if the voltage and current in the 
directions a and p are known. The latter may also be evaluated as 
electrical data in a simple manner. According to the state of the art, this 
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is only possible if the magnitude of the magnetic flux is assumed to be 
constant since otherwise the equation system may not be 
unambiguously solved due to too many unknown variables. Since the 
magnetic flux is indeed not constant, but the magnitude varies with time 
and rotor position, this known method is erroneous, which leads to the 
fact that it is only suitable in a limited manner for control and regulation 
processes of the motor. 

[0004] Today modern multi-phase permanent magnet motors are 
often provided with power electronics, i.e. the commutation is effected 
electronically. For the control however the knowledge of the current 
rotor position is very significant, not only to be able to operate the motor 
with a high efficiency, but also in order to protect the sensitive 
components of the power electronics and to achieve an improved 
dynamic behavior of the drive. 

[0005] The measurement of the rotational speed may however be 
effected via an external measurement arrangement in a comparatively 
simple manner. The exact evaluation of the rotor position however is 
complicated. 

[0006] On the other hand where possible one tries to evaluate 
these values by calculation since on account of the digital electronics 
which are regularly present in the control and regulation part of the 
motor electronics, suitable computing power is available or may be 
made available with little effort. Suitable programs for calcuated 
evaluation could also be integrated by software implementation without 
much effort. 

[0007] Against this background it is the object of the invention to 
provide a method of the known type for detecting the magnetic flux, the 
rotor position, and/or the rotational speed of the rotor in a single-phase 
or multi-phase- permanent magnet motor or -synchronous motor or - 
generator. 
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SUMMARY OF THE INVENTION 

[0008] This object is achieved by the features specified in claim 
1. Advantageous embodiments of the invention are specified in the 
dependent claims as well as the subsequent description. 
[0009] The basic concept of the present invention is to apply the 
stator voltage equations known per se with a method for detecting the 
previously mentioned variables, but however in contrast to the state of 
the art not to set the magnetic flux constant, but to also include the 
energy relations in the magnet of the rotor in order thus to be able to 
determine the previously mentioned variables, in particular the rotor 
position or its derivative with respect to time and rotational speed in a 
more exact manner. 

[0010] The present invention may be applied to single-phase- as 
well as multi-phase permanent magnet or -synchronous motors as well 
as corresponding -generators. Inasmuch as it concerns single-phase 
motors and generators, one of the two stator voltage equations drops 
away. Otherwise with two-phase or multi-phase motors or generators 
one computes with the stator voltage equation for two-phase motors 
and generators, wherein with three-phase and multi-phase motors one 
reduces or transforms by calculation to a two-phase model in a manner 
known per se. Inasmuch as this is concerned then values detected with 
measurement technology must be accordingly converted to a two-phase 
model. 

[0011] The present invention in particular is envisaged for 
permanent magnet motors, but in the same manner may also be 
applied to synchronous motors or generators, wherein with synchronous 
motors or generators the magnet formed by the rotor coil takes the 
place of the permanent magnet. In this context the generator application 
may also be the case in combination with the control of motors operated 
with power electronics if with generator operation these supply to the 
mains in order to determine the rotor position of the mains generator. 
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[0012] The method according to the invention may also be used 
for generators, for example with the control. 
[0013] In Fig. 1 there is shown such a two-phase permanent 
magnet motor, there are provided two phases a and p in a motor which 
are shifted by 90° to one another which are symbolized by two coils 3 
and 4. Within this stator 1 there is arranged a rotor which comprises a 
permanent magnet 5 with a diametrical polarity distribution N and S 
which is rotatingly mounted within the stator 1 . 

[0014] In order to take into account the energy conditions in the 
magnet 5 of the rotor 2 the following equations (3) and (4) are applied. 

Equation (3) y/ ma = - p -co -y/ m/3 

Equation (4) y/ mp = p • co -y/ ma 

wherein 

y/ m a is the derivative with respect to time of y/ m a and 
y/ m p the derivative with respect to time of y/ m p- 

[0015] The particularity of these rotor energy equations lies in the 
fact that the magnetic flux in the p-direction enters the derivative with 
respect to time of the magnetic flux in the a -direction and vice versa. 
[001 6] By way of this there results a computational motor model 
with which for example as illustrated by way of Fig. 2 one may 
determine electrical, magnetic and/or mechanical values of the motor. 
[0017] In the following, in the motor models represented as block 
diagrams a computed value is in each case represented by A whereas 
with the values which are not characterized by A it is the case of 
measured values. 

[0018] It is to be understood that from the initially mentioned 
variables (magnetic flux, rotor position, rotational speed) one may in 
each case evaluate one if one uses the motor model symbolized by the 
block 6 in Fig. 2. This motor model symbolized by the block 6 consists 
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of the equations (1) to (4) with which one of the previously mentioned 
values may be evaluated by calculation in a relatively exact manner. 
[0019] With the method according to Figure 2 the voltages u a und 
up , i.e. the stator voltages in the a and 0 direction are measured or 
computed in another manner, just as co the rotational speed. These 
variables are substituted into the equations (1) and (4), so that one may 
evaluate by calculation the speed of the magnetic flux u) flux , the motor 
currents i a in the direction a and ip in the direction p as well as the 
magnetic flux \\) a in direction a und ijjp in the direction p. The 
corresponding values evaluated by calculation are characterized by A : 



Equation 


0) 


L 


■L 


= — R • i a + p ■ cb 


■¥ m p +"a 


Equation 


(2) 


L 


•ip 


= — R ■ i p — p • co 




Equation 


(3) 






= -P-G>-V m p 




Equation 


(4) 




¥ m p 


= P & -¥ ma 





[0020] From the magnetic flux ip a in the direction a and ipp in 
the direction p then by way of an angle calculator 7 which applies the 
geometric designation according to 

Equation (5) p = — • Arctg ( — - } 

P yy/ma ) 

one may evaluate the position p of the magnetic flux. In this basic 
motor model 6 the rotor position is determined by equating with the 
position of the magnetic flux assuming that these always agree in a real 
manner. 
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[0021] Since this motor model 6 in its simplest form only 
represents an approximation by calculation of the actual values, it may 
be improved by further measures. Such an improvement for example is 
represented by way of the method shown in Fig 3. As Fig. 3 shows here 
the basic motor model 6 consisting of the equations (1) and (4) is taken 
as a basis, wherein the stator voltages u in directions a und p , u a und 
up as well as the rotor speed w flow into the model for example as 
measured variables. In contrast to the method according to Fig. 2 in the 
model 6a according to Fig. 3 however the stator current in the a- und [5- 
direction, thus i a and i p are additionally determined, joined by 

subtraction with the calculated current values / a and / p determined 
by the motor model 6a (this is represented in Fig. 3 the subtraction 
junction 8) and the value resulting therefore is led to a correction term 9 
which also flows into the motor model 6a in a correcting manner. In this 
manner one creates a refined motor model 6a and thus an improved 
method for evaluating the previously mentioned values which consists 
of the equations (1a), (2a), (3a) und (4a): 



Equation (la) Li a = - Ri a + p-co-y/ m/) +w a +u la 

Equation (2a) L i p = -R i p - p co* yj ma + u fi + 

Equation (3a) xj/^^-p.Q). y/ mp + v la 

Equation (4a) \j/ mf} =po)^ ma + o 2p 

in which u la , v xp 5 u 2a 9 o 2fi are correction terms. 



[0022] In the method according to Fig. 3 the measured stator 
currents in the a and (3- direction in comparison to the computed 
currents in the a and p direction are provided as a correction term. It is 
to be understood that this is only to be understood as an example, in 
the same manner the motor currents may flow into the motor model 6 or 
6a and the motor voltages evaluated by calculation and as the case 
may be inputted as a correction term by comparison to the actual 
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voltages. One may also provide several correction terms which are 

constructed based on several electrical variables. 

[0023] For the previously described method represented as an 

example by way of Fig. 3 there thus for example results the following 

equations 



Equation 


(la) 


L-i a = -R-i a +pa>-y/ m/! +u a + u la 


Equation 


(2a) 


L i p = - R ■ i f - p ■ a> ■ v ma + u fi + u lfi 


Equation 


(3a) 




Equation 


(4a) 




in which 


v \a> v \p> u 2a> v 2p® are correction terms 



wherein the correction terms are formed by a correction factor and the 
difference of the computed electrical values and the measured electrical 
values as follows: 

Via = K(ia—ia) 
Via - —Ky, - (/> - /» 

v\p - Kj {ip — ip) 

U20 = Kr (la—la) 

[0024] As is evident from the above equations the correction 
terms o 2 are formed such that in the equations (3a) and (4a) in the one 
phase they are formed by way of the difference between computed and 
measured currents of the other phase. The variables K, und Kip at the 
same time in each case form a constant factor. 
[0025] By way of example in Fig. 4 there is shown a further 
embodiment of the method according to the invention with which apart 
from the corrected motor model 6a according to Fig. 3 there is shown a 
further development in which the rotational speed of the rotor oj is 
evaluated by calculation. With the motor models according to the Fig. 2 
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and 3 the rotor rotational speed u> is entered as an input variable. The 
rotational speed is then usually detected sensorically, and specifically 
preferably with the help of a Hall sensor, as this is also known per se. 
[0026] There are however constellations with which the rotor 
rotational speed may also be determined by calculation or with which 
the sensorically determined readings are not sufficiently accurate or are 
temporally available only in comparatively large intervals. For these 
cases in a further development of the invention there is provided an 
adaptation block 10 which by way of a rotational speed correction term 
1 1 in which the difference between an assumed or computed rotational 
speed and the flux speed u)fi ux computed from the motor model 6a is 
formed, the evaluated rotational speed approximates the actual rotor 
speed until the rotational speed correction term 1 1 assumes the value 
zero. This correction term 11 is shown in Fig. 4 as a result of the 
subtractory junction effected in the node point 14 and proceeds from the 
assumption that the speed of the magnetic flux and the rotor speed 
must always agree. In the adaptation block 10 then the difference 
evaluated by, way of the rotational speed correction term 11 where 
appropriate taking account of a correction factor is added to the 
previously evaluated rotational speed and is outputted as a new 
computed rotational speed. This new computed rotational speed then 
on the one hand is inputted into the motor model 6a and on the other 
hand appears at the node point 14 which on account of the new 
rotational speed inputted into the motor model 6a also obtains a new 
speed of the magnetic flux and by way of this emits a new rotational 
speed correction term 1 1 which again initiates the previously described 
approximation process by the adaptation block 10 until finally the 
correction term 1 1 assumes the value zero, thus the speed of the 
magnetic flux as is evaluated from the motor model 6a, and the rotor 
speed, thus the computed rotational speed of the rotor agree. 
[0027] Within the motor model 6a the speed of the magnetic flux 
is formed by the derivative with respect to time of the evaluated position 
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of the magnetic flux. If one thus differentiates the equation (5) with 
respect to time in or to obtain the speed of the magnetic flux and if one 
substitutes the equations (3a) and (4a) in this differentiated equation (5) 
then the speed of the magnetic flux results as follows: 



A . A 1 Vlp * \l/ma — Via ' Xl/mfi 

Equation (6) p = = co + 



p y/ 2 „ a + y/ 2 m p 



. . 1 Vl0 • Xi/ma — Via • Wmfi , . 

wherein ^ — — represents the rotational speed 

P y/ 2 ma + lf/ 2 r»fi 

correction term 1 1 



[0028] The adaptation block 10 forms part of an approximation 
process with which the assumed and computed rotational speed is 
brought into agreement with the actual rotor rotational speed with the 
help of the motor model 6a and the rotational speed correction term 1 1 , 
until the rotational speed correction term becomes zero. 
[0029] Additionally one may take into account the difference 
between the rotor rotational speed computed in the adaptation block 10 
and a measured rotor rotational speed. Such an additional rotational 
speed correction term 15 is additively combined at the node point 12 
with the rotational speed correction term 1 1 , which as a formula is 
represented as follows: 

Equation (7) A<yw„ - Kv {& ) wherein 

Aco»«, forms the additional rotational speed correction term and Kv a constant. 

[0030] I f no measured rotor rotational speed is available this 
additional rotational speed correction term 15 is equal to zero. K v 
represents an amplification factor with which this additional rotational 
speed 15 is inputted. 
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[0031] According to Figure 5 one may also determine the 
rotational speed by way of a system rotational speed change correction 
term 13 which may be derived from the rotational speed model. The 
method is different from that described previously by way of Figure 4 in 
that apart from the adaptation block 10 there occurs a system rotational 
speed change correction term 13 derived from the rotational speed 
model. 

[0032] The rotational speed model contains further information on 
mechanical relationships of the drive system. Usefully the change of the 
rotational speed, thus the temporal change in the rotor speed is 
expressed by a mechanical condition equation which takes into account 
the previously mentioned relationships. The change of the rotational 
speed may at the same time be taken into account by the following 
equation in the rotational speed model 13: 



Equation (8) ^ = ~J ~ M.) 

in which M is the driving moment 

Ml the load moment 

J the momentof inertia of the rotating load 



[0033] This condition equation which is known per se indicates 
that the change in rotational speed is only effected if the drive moment 
is larger than the load moment or vice versa, and that this change is 
then dependent on the difference moment as well as the moment of 
inertia of the rotating load. 

[0034] This additional information in combination with the 
adaptation blocklO with a changing rotational speed leads to a quicker 
result with which the computed rotational speed of the rotor 
corresponds to the actual rotational speed of the rotor and is thus 
suitable in particular for tasks with a highly dynamic drive. The rotational 
speed model however assumes that corresponding mechanical or 
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electrical variables are for example available by way of measurement or 
in another manner. At the same time, as the case may be, the rotational 
speed model may also simplified by skillfully met assumptions. If the 
motor for example runs at constant speed and the rotational speed 
model is used for determining the rotational speed the equation (8) 
results in zero so that then the rotational speed model is not used in its 
true sense but instead of this the rotational speed is evaluated as 
described by way of Figure 4. The assumption that the motor runs at a 
constant rotational speed therefore does not go further than that 
described by way of Figure 4. 

[0035] The equation (8) may on the other hand be simplified by 
certain load assumptions, for example by the load condition Ml = 0 or 
constant. The load moment is often not known or may only be 
determined with great difficultly. In many cases however one may 
assume a constant load moment. With this assumption the system 
rotational speed change correction term 13 then has the following form: 

Equation (9) A<mw = — • (M - Ka) wherein 

J 

AG****™ - is the system change correction term and 
K4 - the constant. 

[0036] The constant K4 is zero if the load moment is assumed to 
be zero. Otherwise the constant K4 is to be previously determined for 
the respective unit type or application. 

[0037] The drive moment is determined by the equation (10): 

Equation (10) M = K2 • (i/r ma • ip - y/mp • i a \ 

in which Ki is a constant. 

The term in brackets in equation (10) is already known from the motor 
model 6a. If one substitutes equation (10) into equation (9) then it 
becomes evident that for this case (assumption that the load moment is 
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zero or constant) the system change correction term 13 may be 
computed from the motor model 6a. Thus without further measurement 
one may determine this correction term 13 and compute the rotational 
speed of the rotor more quickly and accurately. It is thus particularly 
favorable if the drive moment may be determined from the variables 
deduced from the motor model 6a. 

[0038] If the motor for example is applied in a centrifugal pump 
unit then the load moment may be determined by calculation in a simple 
manner since it is evaluated by the equation (11): 

Equation (11) Ml = Ki • co 2 , 

in which Ki is a constant, 

which provides a relationship for the rotor rotational speed. Here too the 
variables derived from the motor model may be entered into the 
rotational speed model without further mechanical or electrical 
measurements being required. 

[0039] Irrespective of whether the rotational speed is only 
determined by way of the adaptation model 10 or supplementary to this 
also by taking into account the rotational speed model, a measured 
rotational speed may also be inputted in order to obtain the result more 
quickly or to increase the accuracy of the computed values. Such a 
quick and accurate acquisition of the motor operation variables as may 
be effected by way of the previously mentioned inventive method is a 
precondition for a dynamic and stable activation of the motor. 
[0040] The previously described methods may be implemented into 
digital motor electronics without further ado. The continuous detection 
and storage of the corresponding electrical values of the motor, thus of 
the motor currents and voltages today belongs to the state of art applied 
today. This data thus on the control side is available anyway so that the 
present invention, as the case may be, may be used within the digital 
motor control in order to improve this. 
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